Accurate detection of West Nile virus (WNV) in corvids is essential for monitoring the spread of virus during the mosquito season. Viremia in corvids is very high, with titers approaching 10 8 viral particles/ ml. In the presence of such marked viremia, the sensitivity of real-time reverse transcription-polymerase chain reaction (RT-PCR) analysis is unnecessary, and more cost-effective methods should be assessed. To this end, antigen-capture ELISA (ACE) and immunohistochemical (IHC) assays were evaluated. Skin, cloacal swab specimens, and feathers from corvids were tested by use of ACE, and results were compared with results obtained from use of real-time RT-PCR analysis. Of the 3 sample types, skin gave the best sensitivity (98%) and specificity (100%). Skin, brain, kidney, and spleen from corvids were analyzed by IHC, and results were compared with real-time RT-PCR results. Kidney and spleen were more often positive by use of IHC than were brain and skin tissue; however, IHC did not perform as well as ACE in the identification of virus-positive birds. Results of this study support the use of a skin sample in an ACE format as an effective surveillance method for corvids.
Avian deaths attributable to West Nile virus (WNV) have served as predictors of human infection. [2] [3] [4] 6, 14 In 1999, health officials began a surveillance program to monitor the mortality attributable to WNV in avian species, testing principally members of the Corvidae family (crows, ravens, and blue jays). The current method for surveillance is real-time, reverse transcription-polymerase chain reaction (RT-PCR) analysis, which has the ability to detect 1 plaque-forming unit/ 0.5 ml of sample. 12, 13 Although it is very sensitive, real-time RT-PCR analysis is costly; thus, our first goal was to evaluate more cost-effective methods for WNV surveillance. Immunohistochemical analysis (IHC) and antigen-capture ELISA (ACE) have been used to detect West Nile virus in birds. 9, 18, 20 Both assays are amenable to high sample load, and the cost is approximately 30% of that of real-time RT-PCR analysis in this laboratory.
A second goal was to evaluate alternative sample types in the ACE. Oral and cloacal swab specimens are used in many surveillance programs. 10, 17 However, these swab specimens may lead to aerosolization of the virus on retrieval of the sample. Detection of virus in epithelial tissue has been done successfully using IHC and ACE formats for bovine viral diarrhea virus (BVDV). 5, 8, 16 The WNV has been documented to attain a high viral load in corvid skin tissue, similar to the BVDV load in bovine epithelial tissue. 11 Thus, skin and feather pulp samples were evaluated as alternative samples for the ACE.
Dead birds were collected, frozen, and shipped to the Wisconsin Veterinary Diagnostic Laboratory (WVDL). Samples were taken from each corvid in the following order: 1 cloacal swab specimen was placed in 1X Tris-EDTA (TE) a buffer and frozen at Ϫ20ЊC; a second cloacal swab specimen was placed in a redtopped collection tube containing cell culture medium diluent. 13 Feather and skin samples were removed from the ventral tract and were placed in diluent, TE or buffered 10% formalin. Kidney, spleen, and brain samples were placed in TE buffer tubes or in buffered 10% formalin. The cloacal swab specimen and skin and feather samples were tested using a previously published ACE protocol. 9 The only modification was decreasing the concentration of the stop solution to 0.18 M sulfuric acid. b The positive control was a lysate of WNV recombinant protein expressed in transfected monkey kidney (COS) cells, and the negative control was a lysate of COS cells without recombinant protein. c Qiagen RNeasy Mini Kit d and QIA shredders were used to extract 50 l of viral RNA from avian tissues or the diluents used to homogenize the tissues. The PCR primers and probe as well as the cycling parameters were based on a published protocol. 7 One-step 19 Forward, reverse, and probe sequences were as follows: F18S 5Ј-CGG-CTA-CCA-CAT-CCA-AGG-AA-3Ј, R18S 5Ј-GCT-GGA-ATT-ACC-GCG-GCT-3Ј, 18S probe (Hex) 5Ј-CGC-AAA-TTA-CCC-ACT-CCC-GAC-CC-3Ј (BHQ). g The reporter was 6-carboxy-hexachloro-fluorescein (HEX), and the quencher was Blackhole quencher (BHQ). Cycling parameters were identical to those used for the WNV detection as previously stated. Formalin-fixed tissues were cut and paraffin embedded within a week of necropsy. Samples were processed overnight in the Tissue-Tek VIP 5 Vacuum Infiltration Processor h and were stained with monoclonal antibody (MAb) 7H2 i using the Ventana Enhanced Alkaline Phosphatase Red Detection Kit according to the manufacturer's protocol. j Slides were counterstained with hemtoxylin, h and were read by a veterinary pathologist.
The cloacal swab specimen and skin and feather samples were tested using ACE, results of which were compared with results of real-time RT-PCR analysis as the gold standard. The ACE had a relative sensitivity that ranged from 71 to 98%, and relative specificity that ranged from 96 to 100% depending on the sample type ( Table 1 ). 15 The ACE was unable to detect WNV in 20 cloacal swab specimens, 4 skin samples, and 11 feathers found to be test positive by results of realtime RT-PCR analysis. As originally reported, the threshold level for detection of WNV by ACE was 10 3 viral particles or a cycle-threshold value (Ct) Յ30 by real-time RT-PCR analysis. 9 The real-time RT-PCR re-sults for these false-negative samples had Ct values between 30 and 40, implicating low viral load. There was 1 false-positive result for cloacal swab specimens, presumably owing to fecal matter; no false-positive results for skin samples; and 2 false-positive results for feathers, possibly due to contaminants on the feather calamus or in the pulp. The relative low sensitivity for the feather sample, compared with the cloacal swab specimen and skin sample, was in contrast to a previous publication that reported better success in testing feathers. 1 Possible explanations for the discrepant results include detection method and site of feather retrieval. Our results indicate that ventral tract feather samples should not be tested by ACE for WNV surveillance in corvids. In all of the real-time RT-PCR analyses, a control for the presence of inhibitors was performed. The 18S amplicon was detected for all samples that were determined negative for WNV by results of real-time RT-PCR analysis.
Immunohistochemical analysis has been used in a high-volume format for detection of prion protein in chronic wasting disease at WVDL and for detection of BVDV in a skin biopsy specimen at many veterinary laboratories. 5, 8, 16 We tested avian skin biopsy specimens by IHC and compared the results with more commonly used tissues for IHC such as brain, kidney, and spleen. All of these tissue samples were also tested by use of real-time RT-PCR analysis. Examples of the deposition of stain indicating the presence of WNV for each tissue type were paired with a negative sample for the same tissue (Fig. 1) . It should be noted that the corvids were frozen before sampling by IHC; thus, morphology was often distorted by fragmentation, especially in the brain samples. In the kidney (Fig. 1A) , renal epithelial cells from the lumen lining were positive for WNV. There was a variable degree of staining in cells within the interstitial space. In the spleen (Fig.1B) , IHC revealed scattered cells that exhibited positive staining. The WNV was detected in 17 of 19 kidney and spleen samples that were determined to be positive by results of real-time RT-PCR analysis, and thus, were the best samples. Feather follicles within the skin section (Fig. 1C ) exhibited positive staining in cells in the bud at the base of the follicle. Not all feather follicles were positive, and in some instances, only a single follicle within a 5-m, 2-cm 2 section exhibited positive staining. Cells in the subcutaneous tissue that were not follicle associated exhibited sporadic positive staining. These most likely were macrophages or other antigen-presenting cells. The WNV was detected in 15 of 19 skin samples. For brain tissue samples (Fig. 1D) , the number of positive cells and intensity of staining was variable among cases and tissues. A representative brain sample had a positive reaction in neurons and, occasionally, in smaller cells that were consistent with glial cells. Occasionally, cells in the lumen of blood vessels exhibited positive staining, and may have been circulating monocytes. The brain tissue was the poorest sample, with only 9 of 19 samples accurately detected by IHC. Eight birds that were negative by results of real-time RT-PCR analysis did not have cross-reactions by IHC, indicating 100% relative specificity of IHC.
In this study, with a limited number of birds (n ϭ 27), not kidney, spleen, skin, nor brain testing could consistently identify a positive bird. This was in contrast to other studies using IHC that found heart and kidney to have 100% sensitivity in detection of WNV. 20 Although heart was not tested in our study, kidney was tested and was not found to be consistently positive. Although speculative, the difference could be attributed to the condition of our birds owing to the freeze-thaw process. Surprisingly, a skin sample tested by IHC was not a good predictor of positivity. One possible reason for the difference between IHC and ACE results is that a sample submitted for testing by ACE is larger and thicker and, thus, would have more virus particles than the section that is fixed and stained for IHC interpretation.
Results of this study indicated that IHC using skin, brain, kidney, and spleen is not reliable for WNV surveillance. The ACE had excellent sensitivity and specificity for skin biopsy specimens from corvids, and should be considered as a lower cost alternative to real-time RT-PCR analysis for WNV surveillance.
